Many risk factors contribute to both the development of alcohol dependence and its long-term consequences. This complexity no doubt contributes to the heterogeneity in research findings, complicating treatment as well as identifying multiple avenues for intervention efforts. A comprehensive review of the risk factors for alcoholism is beyond the scope of this article. Rather, the following sections will focus on five major risk factors: gender, family history, psychiatric comorbidity, comorbid substance abuse, and age. In addition to discussing how these factors influence alcoholism risk, the article also will examine how they interact with alcoholism to influence neurocognitive functioning following detoxification. Thus, information in this article focusing on neurocognitive performance in alcoholics generally refers to data obtained from people who are recently sober, beyond the stage of detoxification, and not currently on medication that might affect neurocognitive function. Although this condition restrains the generalizability of the results, it provides a more considered review of the neurocognitive impact of alcohol dependence.

Before proceeding, it is necessary to clarify and define terms used in this article. Throughout the past two decades, the clinical definition of "alcoholic" and "alcoholism" has evolved, as evidenced in classification issues detailed in the *Diagnostic and Statistical Manual of Mental Disorders* (DSM) used by mental health professionals ([@b2-arh-31-4-389], [@b3-arh-31-4-389], [@b4-arh-31-4-389]). For example, as programmatic research was being broadly initiated in the 1970s and 1980s, research inclusion criteria often did not differentiate between alcohol abuse and dependence. Thus, studies often included participants with either disorder in a single group referred to as those with "an alcohol use disorder" or "alcoholism." As the complexity of alcohol use disorders (AUDs) was better appreciated and clinically and scientifically meaningful distinctions between alcohol-related diagnoses were made, groups within studies became more strictly defined. Although it is not universally accepted, the term "alcoholic" now is generally applied within addiction research to people with a DSM--IV "alcohol dependence" diagnosis. Given this shift in perspective, it is important to recognize that earlier studies (e.g., those including data from the 1970s, 1980s, and early 1990s) may include people with either or both diagnoses.

Gender
======

Gender As a Risk Factor for Alcohol Dependence
----------------------------------------------

Researchers have investigated drinking behaviors, their etiology, and outcomes among women for several decades (e.g., [@b34-arh-31-4-389]; [@b45-arh-31-4-389]; [@b77-arh-31-4-389]; [@b105-arh-31-4-389]). These data suggest that the rate of progression of problematic drinking and subsequent risk for alcohol-related consequences may be different for men and women. Historically, men have reported an earlier age of onset of alcohol use initiation than women ([@b19-arh-31-4-389]; [@b47-arh-31-4-389]). One large national study (Project MATCH) ([@b93-arh-31-4-389]) of people seeking treatment for alcoholism supported these findings and further showed that men displayed evidence of problematic drinking behaviors (i.e., regular intoxication, loss of control over drinking) earlier than women.

However, not all studies support gender differences in age of onset of regular alcohol use, and some suggest that age of initial use may be increasingly similar for both genders, at least for those who ultimately seek treatment. For example, [@b54-arh-31-4-389] found remarkable similarity in age of onset of regular use between male and female substance abusers, reporting no significant differences between men and women with current alcohol dependence diagnoses with regard to age of onset of regular drinking or age of onset of regular alcohol intoxication. They did, however, find that women progressed from regular use to treatment more quickly than men (see [figure 1](#f1-arh-31-4-389){ref-type="fig"}). This latter finding is consistent with other data demonstrating that women progress through the stages of regular intoxication, drinking problems, and loss of control over drinking more quickly than men. That is, women demonstrate a "telescoping" of disease progression and experience more severe consequences more quickly ([@b27-arh-31-4-389]; [@b54-arh-31-4-389]; [@b70-arh-31-4-389]; [@b93-arh-31-4-389]).

The telescoping effect in alcoholic women may be associated with several factors. First, the immediate personal and professional costs to women may be greater, as suggested by data indicating that women report more psychiatric, medical, and employment consequences from heavy drinking compared with men ([@b54-arh-31-4-389]). Second, telescoping may be related to gender differences in physiology. For example, among men and women consuming similar amounts of alcohol (per body weight) ([@b70-arh-31-4-389]), women may experience higher blood alcohol concentrations because of metabolic differences (see [@b5-arh-31-4-389]; [@b9-arh-31-4-389]; [@b38-arh-31-4-389]). Thus, certain complications that may contribute to the telescoping effect in alcoholic women could be attributed to achieving and sustaining higher blood alcohol levels than alcoholic men when equivalent doses of alcohol are consumed.

Gender As a Factor in Alcohol's Effects on the Brain
----------------------------------------------------

The effects of telescoping on the brain and cognition in alcoholic women remain unclear ([@b61-arh-31-4-389], [@b62-arh-31-4-389]; [@b87-arh-31-4-389]). Alcoholic men and women in recovery often display similar neuropsychological deficits, although as discussed, women have a shorter course of disease (see [@b34-arh-31-4-389]; [@b37-arh-31-4-389]; [@b45-arh-31-4-389]; [@b70-arh-31-4-389]; [@b77-arh-31-4-389]; [@b93-arh-31-4-389]). Thus, the female brain may be differentially sensitive to the neurotoxic effects of alcohol ([@b61-arh-31-4-389]; [@b62-arh-31-4-389]).

Neuroimaging techniques have allowed further investigation of the macrostructural (i.e., the size or volume of a brain structure) and microstructural (i.e., the small constituents of white matter, such as myelin) integrity of white matter tracts within the brains of alcoholic men and women ([@b88-arh-31-4-389], [@b85-arh-31-4-389]; [@b85-arh-31-4-389]). Although alcoholic men were observed to have macrostructural aberrations (including smaller volume) in the pons, corpus callosum, and cortical white matter, alcoholic women did not display such differences ([@b88-arh-31-4-389]). However, the microstructural integrity of cortical and callosal white matter was affected to similar extents in both alcoholic men and women, even though the alcoholic women had drunk far less alcohol in their lifetimes than the men ([@b85-arh-31-4-389]). These results suggest that white matter areas within the brain are affected by alcohol dependence; however, they may be affected differently in women compared with men. Further, although certain areas may not show overt volume differences, alcohol dependence still may affect the microstructural integrity and potentially compromise brain function. Research is ongoing regarding the microstructural integrity of the brain following alcohol dependence, with results suggesting the involvement of multiple brain regions ([@b85-arh-31-4-389]).

Despite the strength of these findings, it should again be noted that much of the work conducted with women has not fully accounted for metabolic (pharmacokinetic) differences between the genders. These differences result in greater alcohol exposure of liver and brain tissue in women as opposed to men, even when an equivalent dose of alcohol is consumed ([@b9-arh-31-4-389]; [@b25-arh-31-4-389]; [@b38-arh-31-4-389]; [@b61-arh-31-4-389]). Thus, women may not be differentially sensitive to alcohol, per se, but rather may be chronically exposed to higher blood alcohol levels even at lower doses.

Family History
==============

Family History As a Risk Factor for Alcohol Dependence
------------------------------------------------------

It is well established that alcoholism runs in families. Furthermore, adoption studies, family pedigree studies, and twin studies consistently support the role of genetic risk rather than familial transmission for alcohol dependence ([@b15-arh-31-4-389]; [@b20-arh-31-4-389]; [@b23-arh-31-4-389]; [@b73-arh-31-4-389]; [@b98-arh-31-4-389]). Estimates vary, but it generally is accepted that offspring of alcoholics are approximately four times more likely to develop alcoholism than people without such a history ([@b98-arh-31-4-389]), even if they are not reared with an alcoholic parent. Most early research studied male offspring of male alcoholics. This limitation led to the early conclusion that men were more likely to experience the familial form of the disease, whereas women were more likely to experience a reactive form associated with psychiatric comorbidity, empty-nest syndrome, or related factors.

With continued and more broadly developed research, these assumptions have been modified. Widely cited studies using male and female monozygotic and dizygotic twins suggest that genes, environment, and their interaction are potent contributors to the development of alcohol dependence in both genders ([@b52-arh-31-4-389]; [@b69-arh-31-4-389]; [@b73-arh-31-4-389], [@b74-arh-31-4-389]; [@b92-arh-31-4-389]; [@b101-arh-31-4-389]) (see [figure 2](#f2-arh-31-4-389){ref-type="fig"}). Approximately 40 percent of the variance for alcoholism onset in men ([@b92-arh-31-4-389]) and 60 percent of this variance in women can be attributed to genes ([@b67-arh-31-4-389]).

Many twin studies considered paternal alcoholism rather than both paternal and maternal input ([@b67-arh-31-4-389]). Attention to direct maternal contribution has been limited for numerous reasons. One of the predominant reasons is that the study of maternal genetic impact on alcoholism risk was restrained by the concern that offspring would be more likely to be exposed to alcohol in utero, and, thus, results regarding genetic risk would be confounded with the effects of early exposure (see [@b104-arh-31-4-389]). However, Hill and colleagues (e.g., [@b59-arh-31-4-389]; [@b56-arh-31-4-389]), controlling for prenatal exposures, demonstrated that daughters of alcoholic mothers also were at increased risk for alcoholism, even without paternal alcoholism.

The Collaborative Study on the Genetics of Alcoholism (COGA), in conjunction with other studies, has implicated several genetic markers in which variations appear to increase risk for alcohol dependence and related disorders. These include genes associated with the acetylcholine receptor, the receptor for the major inhibitory neurotransmitter, γ-aminobutyric acid (GABA), and those associated with alcohol metabolism (see [@b33-arh-31-4-389]; [@b91-arh-31-4-389]). [@b33-arh-31-4-389] also reported preliminary data on several other loci, one of which is associated with the bitter taste receptor. [@b1-arh-31-4-389] extended work with the COGA sample and further expanded the list of potential genes by implicating regions of chromosomes believed to affect neurophysiology in complex ways, including signal transduction across cell membranes within the brain. This group also has implicated the role of signal transduction in modulating risk in an additional study ([@b26-arh-31-4-389]).

If, as noted above, an estimated 40 to 60 percent of the risk for alcoholism can be attributed to genetic factors, a sizable remaining variance is associated with environmental factors and gene-by-environment interactions. Finnish and Canadian twin studies ([@b64-arh-31-4-389], [@b65-arh-31-4-389]; [@b66-arh-31-4-389]) indicate that environmental factors such as geographical locations with high consumption rates, religiosity/moral views, and exposure to antisocial personality traits may interact with genetics to increase risk for alcohol dependence. Although some studies suggest that exposure to paternal alcoholism during childhood does not seem to contribute to greater risk for alcoholism later in life ([@b30-arh-31-4-389]), other studies show that a low-risk environment (i.e., absence of paternal alcoholism) can reduce the risk of developing alcoholism later in life even in people with greater family density of alcoholism ([@b63-arh-31-4-389]). Thus, both environmental and genetic factors influence risk for alcohol dependence and related disorders.

Family History As a Factor in Alcohol's Effects on the Brain
------------------------------------------------------------

Not only does a positive family history increase the risk for developing alcoholism, it also may influence neurocognitive functioning among people who have such a history but are not themselves alcoholic. For example, several studies have examined mental processes in offspring (primarily sons) of male alcoholics ([@b39-arh-31-4-389]; [@b107-arh-31-4-389]). These studies have observed subtle, yet significant, deficits among family history positive (FH^+^) participants, particularly on tasks such as problem solving and abstraction, often referred to as executive cognitive functioning (ECF) ([@b8-arh-31-4-389]; [@b39-arh-31-4-389]; [@b106-arh-31-4-389]).

Other studies have examined neurophysiological functioning in FH^+^ nonalcoholics. Many of these studies have used noninvasive brain electro-physiology to measure the brain's electrical responses with electrodes placed on the scalp. These studies suggest aberrations in the neurophysiology underlying target detection, memory updating, and working memory in both male and female off-spring of alcoholics ([@b12-arh-31-4-389]; [@b16-arh-31-4-389]; [@b56-arh-31-4-389]; [@b94-arh-31-4-389]). Importantly, however, such aberrations are not uniformly observed, and researchers have documented eventual normalization of these responses in subgroups. Thus, it appears that although some FH^+^ individuals may demonstrate long-lived, yet subtle, deficits in these measures; for others, these deficits suggest a development lag in fundamental brain processes ([@b11-arh-31-4-389]; [@b58-arh-31-4-389]; [@b57-arh-31-4-389]).

Additional studies have used neuroimaging procedures such as magnetic resonance imaging (MRI) or related procedures to examine brain function in FH^+^ individuals ([@b55-arh-31-4-389]; [@b75-arh-31-4-389]). These studies also have reported brain changes in FH^+^ adolescents, showing decreased activation in the frontal region of the brain (an area typically associated with ECF) as well as areas of the brain associated with social cognition and empathy. Additionally, brain response to alcohol cues may differ between FH^+^ and FH^−^ individuals. [@b10-arh-31-4-389] found that FH^+^ individuals had greater P300[^1^](#fn2-arh-31-4-389){ref-type="fn"} amplitude response to alcohol cues versus nonalcohol cues.

It remains unclear the extent to which these aberrations or alterations in brain function serve as markers for risk for developing alcohol dependence or whether they reflect more general behavior patterns associated with disorders that commonly co-occur with alcohol dependence, such as childhood behavior disorders or other externalizing disorders.

Because (1) the majority of chronic alcohol studies are conducted using treatment-seeking alcoholics and (2) the large majority of treatment-seeking alcoholics have positive family histories, there has been some question to whether neurocognitive deficits (including behavioral and neuroimaging aberrations) are associated with FH^+^ status rather than alcohol dependence, per se. Because so few studied alcoholics are FH^−^, it is difficult to make statistically sound comparisons. Parsons and colleagues (see for example [@b44-arh-31-4-389]; [@b84-arh-31-4-389]) conducted a series of studies explicitly examining this hypothesis. The studies compared FH^+^ and FH^−^ detoxified alcoholics without confounding psychiatric (e.g., schizophrenia or bipolar disorders) or medical (e.g., epilepsy or history of head injury) disorders on a battery of neuropsychological tests. Consistent with the hypothesis that chronic excessive alcohol use is neurotoxic, alcoholic participants demonstrated deficits that could not be accounted for by FH (see [figure 3](#f3-arh-31-4-389){ref-type="fig"}). Interestingly, a recent study ([@b36-arh-31-4-389]) considering the role of FH found that density of FH, rather than alcohol use, was negatively associated with impaired decisionmaking ability in alcoholics. Specifically, alcoholics with a greater density of affected family members showed decrements in how the brain responds to negative consequences of behavior when compared with alcoholics lacking such histories ([@b36-arh-31-4-389]).

Psychiatric Comorbidity
=======================

Psychiatric Comorbidity As a Risk Factor for Alcohol Dependence
---------------------------------------------------------------

People with AUDs frequently meet criteria for other psychiatric disorders as well. For example, early data gathered through the National Institute of Mental Health Epidemiological Catchment Area Project revealed significant levels of comorbidity, with 3.8 percent of those with a lifetime diagnosis of alcohol dependence also meeting criteria for a lifetime diagnosis for a major psychotic disorder ([@b95-arh-31-4-389]). More recent data from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) reveal that among individuals with alcohol dependence, 15.15 percent and 17.75 percent also met criteria for a depressive disorder or anxiety diagnosis, respectively ([@b49-arh-31-4-389]). Personality disorders also are common among alcoholics. For example, alcoholics are reportedly 21 times more likely to have a diagnosis of antisocial personality disorder (ASPD) than are nonalcoholics ([@b95-arh-31-4-389]). Further, people with ASPD appear to be at greater risk for severe AUDs (i.e., more criteria for lifetime abuse and dependence met, greater frequency of heavy-drinking days) compared with people with a conduct disorder diagnosis without ASPD or those who met criteria for ASPD without conduct disorder prior to age 15 ([@b46-arh-31-4-389]). Interestingly, these authors conclude that the relationship between ASPD and AUDs is similar for men and women.

Given these rates of comorbidity, it is important to consider the extent to which AUDs may be causally related to other diagnoses. For example, do people drink because they are depressed or are they depressed because they drink? Similarly, do people with social anxiety and alcohol problems reduce drinking when the anxiety is treated? Despite this entanglement of AUDs with other psychiatric disorders, it is evident that the development of alcohol dependence is not contingent on the presence of another psychiatric disorder. That is, alcohol dependence may develop in individuals without other disorders, and individuals with other diagnoses do not necessarily develop AUDs. However, common genetic and environmental factors, as well as gene-by-environment interaction, may place individuals with alcohol disorders at a higher risk for psychiatric disorders compared with those without such comorbidities. [@b109-arh-31-4-389] recently addressed this complexity. They reported that among patients with both social anxiety and alcohol use problems, pharmacological treatment of social anxiety resulted in reduced anxiety symptoms but did not reduce drinking. However, it did reduce the percentage of times that study participants reported drinking to reduce anxiety. Thus, at least for this sample, there was a dissociation between levels of social anxiety and alcohol consumption, even among those who believed they used alcohol to "reduce social fears."

In summary, there is high comorbidity between AUDs and other psychiatric disorders. Determining to what extent the onset of one precedes or follows another is complicated by overlapping symptomatology, individual differences in symptom onset, and methods of reporting. From a clinical perspective, it is clear that regardless of order of onset, multiple disorders must be treated individually and cooperatively ([@b72-arh-31-4-389]). Treating only one of the disorders is unlikely to produce effective psychiatric recovery ([@b49-arh-31-4-389]).

Psychiatric Comorbidity As a Factor in Alcohol's Effect on the Brain
--------------------------------------------------------------------

There is a rich literature considering the interaction of alcoholism and other major psychiatric disorders on neurocognitive function ([@b41-arh-31-4-389]; [@b71-arh-31-4-389]; [@b108-arh-31-4-389]; [@b110-arh-31-4-389]). In an older, yet methodologically interesting, study, [@b78-arh-31-4-389] examined a limited number of cognitive processes in dually diagnosed schizophrenic inpatients. In contrast to many cross-sectional studies, they were able to recruit four study groups: three groups of inpatients (schizophrenics, those with AUDs, and those with both a schizophrenia and an AUD diagnosis) as well as a group of community control subjects. Consistent with the heterogeneity in the field, control subjects were generally, although not always, significantly superior to the other groups. Of more immediate interest was the finding that dually diagnosed schizophrenics were not more impaired than schizophrenics without an AUD. Although this result is somewhat counterintuitive, it is consistent with other studies suggesting that schizophrenics who develop substance use disorders (excluding nicotine) may have improved interpersonal skills relative to their non-addicted cohorts ([@b29-arh-31-4-389]).

Comorbid personality disorders have been systematically examined less frequently, with the exception of ASPD ([@b11-arh-31-4-389]; [@b18-arh-31-4-389]; [@b22-arh-31-4-389]; [@b102-arh-31-4-389]). Some researchers have argued that much of the presumed alcohol-related cognitive compromise actually is attributable to underlying ASPD. This perspective may be particularly relevant when dependent variables associated with behavioral inhibition and impulse control are considered. However, these types of variables are not the only ones impacted by ASPD status. [@b18-arh-31-4-389] examined semantic processing ability in alcoholics and nonalcoholics with and without ASPD. Regression analyses showed that being alcoholic and having ASPD resulted in poorer semantic processing compared with control subjects. These results suggest that although alcohol dependence and ASPD are frequently comorbid, neurocognitive changes seen in recently sober alcoholics cannot be accounted for by ASPD status alone.

Brain function is affected by both alcohol dependence and other psychiatric disorders. However, when the influence of comorbid conditions is accounted for, most studies reveal changes in brain structure and function associated with alcohol dependence, separate from other disorders. As neuroimaging techniques become increasingly sensitive, specific influences on particular brain systems, especially within white matter connections, may be more evident.

Comorbid Substance Use
======================

Comorbid Substance Use As a Risk Factor in Alcohol Dependence
-------------------------------------------------------------

The co-occurrence of alcohol and other drug use disorders is well recognized. Data analyzed from the National Comorbidity Survey revealed that 29.5 percent of men and 34.7 percent of women who met criteria for alcohol dependence also were drug dependent ([@b68-arh-31-4-389]). Importantly, AUDs were found to precede drug problems in 25.6 percent of men and 20.0 percent of women ([@b68-arh-31-4-389]). NESARC data reveal a positive and significant relationship between current alcohol use and specific drug disorders such as cocaine dependence ([@b103-arh-31-4-389]), suggesting that alcohol use increased the risk for other drug use disorders. Other studies that used NESARC data and controlled for sociodemographic characteristics found that people with alcohol dependence were almost 19 times more likely than people without alcohol dependence to meet criteria for drug dependence in the last 12 months. When controlling for comorbid psychiatric disorders, people with alcohol dependence were 7.5 times more likely than others to have a drug dependence diagnosis ([@b51-arh-31-4-389]).

Nicotine use disorder, demonstrated primarily through tobacco cigarette smoking, also commonly co-occurs with AUDs. People with nicotine use disorder are two to three times more likely to be diagnosed with AUDs, and a current diagnosis of either increases risk for being diagnosed with the other in the future ([@b50-arh-31-4-389]; [@b100-arh-31-4-389]). The rate of tobacco use among treatment-seeking alcoholics and other substance abusers is roughly three times that of the general population with rates ranging from 76 percent to more than 90 percent ([@b21-arh-31-4-389]; [@b28-arh-31-4-389]). [@b17-arh-31-4-389] reported similar prevalence data (see [figure 4](#f4-arh-31-4-389){ref-type="fig"}). Research with adolescents suggests that alcohol, drug (i.e., marijuana), and smoking behaviors frequently develop around the same time ([@b35-arh-31-4-389]).

Data from the COGA project showed that variations in certain genetic factors may contribute to risk for a particularly severe form of alcohol dependence and comorbid drug dependence ([@b26-arh-31-4-389]). People with alcohol dependence and comorbid drug dependence displayed earlier age of onset of regular drinking, higher rates of ASPD, conduct disorder, and novelty seeking. Thus, [@b26-arh-31-4-389] suggested that the gene variant may be linked to behavioral disinhibition traits rather than drug use, per se. This type of association is consistent with findings reported by [@b35-arh-31-4-389]. Of particular clinical relevance are recent findings revealing that people with comorbid alcohol and other drug disorders are more likely to seek treatment than those with an alcohol disorder alone ([@b103-arh-31-4-389]).

Comorbid Substance Use Disorders As a Factor in Alcohol's Effects on the Brain
------------------------------------------------------------------------------

The strong association between alcohol and tobacco use may be mediated through several variables, including the activation of underlying brain reward systems. In addition, the cognitive enhancing effect of acute nicotine may contribute to the high levels of comorbidity. Whereas alcohol dependence is associated with subtle, yet significant, cognitive dysfunction, acute nicotine is known to enhance cognition, particularly processes associated with vigilance and attentional aspects of working memory ([@b53-arh-31-4-389]; [@b97-arh-31-4-389]). Given the opposing effects, it follows that acute nicotine may serve to compensate for deficits associated with alcohol dependence. If so, the strong association between the use of the two substances may not lie entirely in the reward systems or shared genetic risks but also in their functional interaction. Recent data revealing that alcoholics are differentially sensitive to acute nicotine compared with community smoking control subjects are consistent with this conclusion ([@b79-arh-31-4-389]). These interactions have significant implications for the use of aggressive nicotine replacement therapy, particularly in the early stages of recovery when cognitive processes may be most compromised.

The effects of chronic smoking (chronic nicotine use) on brain structure and function also have been studied in alcoholics. These findings suggest that chronic smoking alcoholics show decrements in neurocognitive functioning and anatomical brain structure as compared to nonsmoking alcoholics ([@b31-arh-31-4-389]). Further, these differences persist through recovery from alcoholism ([@b32-arh-31-4-389]). Thus, although acute nicotine administration improved neurocognitive function in alcoholics (e.g., [@b79-arh-31-4-389]), chronic cigarette smoking is associated with decrements in brain structure and function. These data suggest that smoking effects may be quite different than the effects of nicotine itself.

Age
===

Age As a Risk Factor in Alcohol Dependence
------------------------------------------

Much of the literature concerning age as a risk for alcoholism has focused on defining two subtypes of alcoholics, those who were dependent on alcohol at an early age (before age 25) ([@b40-arh-31-4-389]; [@b42-arh-31-4-389], [@b43-arh-31-4-389]; [@b96-arh-31-4-389]) and those who develop alcoholism later in life ([@b6-arh-31-4-389]; [@b7-arh-31-4-389]). Early work suggested that early-onset alcoholics were more likely than late-onset alcoholics to have job problems, to be younger when they first drank alcohol, to have a higher rate of maternal alcoholism, and to have childhood behavioral disorders and antisocial behaviors ([@b42-arh-31-4-389], [@b78-arh-31-4-389]). Recent data further reinforce the importance of early age of drinking by demonstrating that people who have their first drink prior to age 15 are more likely than others to develop an AUD ([@b24-arh-31-4-389]).

In contrast, those who develop alcohol problems after age 60 are characterized by having more biomedical versus psychosocial consequences, compared with early-onset alcoholics, and are more likely to have alcohol--medication interactions ([@b6-arh-31-4-389]). Further, later-onset alcoholics are likely to have a history of heavy alcohol use and meet dependence criteria attributed to life stress or psychiatric comorbidity ([@b6-arh-31-4-389]; [@b14-arh-31-4-389]; [@b99-arh-31-4-389]). NESARC data reveal that the prevalence of alcoholism in older individuals may be increasing, possibly following general population trends ([@b51-arh-31-4-389]; [@b76-arh-31-4-389].)

Age As a Factor in Alcohol's Effects on the Brain
-------------------------------------------------

The potential interaction of chronic alcoholism and brain aging, also referred to as the premature aging hypothesis, has been a long-standing research interest. One version of the hypothesis suggested that chronic alcoholism prematurely aged the brains of young adults. Findings from early studies suggesting that brain structure and function in young alcoholics resembled older normal control subjects were consistent with this conclusion ([@b13-arh-31-4-389]; [@b60-arh-31-4-389]; [@b48-arh-31-4-389]). Most of these studies, however, used cross-sectional designs. Although some alcohol-related brain changes were similar to those caused by aging, age-appropriate control subjects were not always included, and thus it was difficult to conclude that the differences were not the result of factors other than alcohol exposure. Continuing research regarding this important question generally suggests that alcoholism, per se, does not cause premature aging in younger drinkers ([@b80-arh-31-4-389]; [@b82-arh-31-4-389]).

This conclusion does not eliminate an interaction of alcohol and aging. The alternative version of the premature aging hypothesis suggests that older drinkers may be more sensitive to the neurotoxic effects of alcohol than younger drinkers. This hypothesis has been supported by a number of studies that accounted for quantity and frequency of use as well as drinking occasions and number of acute withdrawals ([@b81-arh-31-4-389]). That is, even when alcohol exposure, per se, can be statistically controlled for, older alcoholics show greater effects. This susceptibility has been particularly evident in structural brain-imaging studies (see the article by Rosenbloom and Pfefferbaum in this issue, pp. 362--376) (e.g., [@b86-arh-31-4-389], [@b90-arh-31-4-389], [@b90-arh-31-4-389]) and more specifically with analysis of white matter microstructural integrity ([@b85-arh-31-4-389]). Some studies also have suggested gender-by-age interactions. For example, men showed significant associations between age and decrements in prefrontal and entire cortical gray matter, sulcal volume, and third ventricular volume ([@b90-arh-31-4-389], [@b87-arh-31-4-389]), whereas the association between ventricular expansion and advancing age were prominent in alcoholic women.

Overview and Summary
====================

In summary, the risk for developing alcoholism and the resultant negative consequences of alcohol dependence are influenced by a variety of factors in addition to the quantity and frequency of alcohol consumed. Gender, family history, comorbid psychiatric and substance use disorders, and age can impact the development and outcome of alcoholism. This fact significantly complicates the study of alcohol dependence. Ideally, we would construct a straight-forward diagram depicting the interaction of these variables and describing categories into which they might be placed, such as genetic factors, or family factors, or environmental factors. The reality of the complexity of these interactions, however, prohibits readable, meaningful illustration. For example, increasing age generally is associated with decreased risk. However, cohort studies suggest that increasing age might be less protective than it once was. Thus, the interaction of social--cultural issues associated with our current response to healthy aging may reverse the previously reported protective factors of aging. Furthermore, psychiatric comorbidity cannot be comprehensively considered independent of family histories and gender. Although the modulators discussed in this article do not form an "endless" circle, they certainly form a complex system of interconnected factors that eludes illustration.

Despite the difficulties associated with such a complex system, it does identify multiple points of intervention, prevention, and treatment. More specifically, the complexity suggests that there is no single point at which such efforts might be effective. Rather, treatment (broadly defined) may occur at various or multiple intersections and may include behavioral, sociocultural, and pharmacologic interventions. However, to most effectively identify these intersections and treatment modalities, programmatic hypothesis-driven research must be applied.

P300 refers to a positive event-related potential wave recorded via electroencephalography at about 300 to 600 milliseconds. This signal often is used as a measure of cognitive function.

**F[inancial]{.smallcaps} D[isclosure]{.smallcaps}**

The authors declare that they have no competing financial interests.

![Gender telescoping. Bars represent number of years (means ± standard error of the mean) elapsed between onset of regular substance use and entry into substance abuse treatment by gender and substance dependence diagnosis. Women experienced fewer pretreatment years of regular use of opioids (*P* = 0.03), cannabis (*P* = 0.01), regular alcohol drinking (*P* = 0.03), and regular alcohol intoxication (*P* = 0.09) than men ([@b54-arh-31-4-389]).\
SOURCE: Used with permission. 2004 Elsevier Ireland Ltd. Figure 1, p. 368. Hernandez-Avila, C.A.; Rounsaville, B.J.; and Kranzler, H.R. Opioid-, cannabis- and alcohol-dependent women show more rapid progression to substance abuse treatment. *Drug and Alcohol Dependence* 74(3):265--272, 2004. PMID: 15194204](arh-31-4-389f1){#f1-arh-31-4-389}

![Concordances for monozygotic and dizygotic twins. Prevalence of alcoholism in twins and twin concordance of monozygotic (MZ) and dizygotic (DZ) twins for alcoholism in a study of 8,935 pairs of Swedish male twins. Adapted from data reported by [@b67-arh-31-4-389]. Squares demarcate 1 standard error ([@b74-arh-31-4-389]).\
SOURCE: Derived from: 1999 American Psychological Society, figure 1, p. 110. McGue, M. The behavioral genetics of alcoholism. *Current Directions in Psychological Science* 8(4):109--115, 1999.](arh-31-4-389f2){#f2-arh-31-4-389}

![Role of family history in cognition. Mean performances on the cognitive neuropsychological test clusters for family history--positive (FH^+^) and family history--negative (FH^−^) alcoholics and nonalcoholic peer control subjects. Standard scores were based on the nonalcoholic FH^−^ group. The FH^+^ alcoholics differed significantly from the FH^−^ control subjects on all of the performance clusters. The FH^−^ alcoholics and FH^+^ control subjects did not differ significantly from each other on any of the clusters.\
SOURCE: Derived from [@b83-arh-31-4-389].](arh-31-4-389f3){#f3-arh-31-4-389}

![Prevalence of smoking in treatment-seeking substance-abusing subgroups. Alc = alcohol use disorder; Alc/All = alcohol and any drug use disorder; Alc/Mar = alcohol and marijuana use disorders; Alc/Stim = alcohol and stimulant use disorders; Control = community comparison group with no psychiatric disorder and no substance use disorder.\
SOURCE: Ceballos, NA. Tobacco use, alcohol dependence, and cognitive performance. *Journal of General Psychology* 133(4):375--388, 2006. PMID:17128957](arh-31-4-389f4){#f4-arh-31-4-389}

[^1]: R[ebecca]{.smallcaps} G[ilbertson]{.smallcaps} is a doctoral candidate; R[obert]{.smallcaps} P[rather]{.smallcaps} is senior project coordinator; and S[ara]{.smallcaps} J[o]{.smallcaps} N[ixon]{.smallcaps}, P[h]{.smallcaps}.D., is professor and chief, all in the Division of Clinical Addiction Research, Department of Psychiatry, University of Florida, Gainesville, Florida.
